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DIFFERENCES IN ABDOMINAL PAIN AND SENSORY PROCESSING 
BETWEEN ADOLESCENT MALE AND FEMALES 
YASHODA V. DHOLE 
ABSTRACT 
Objectives: The present study aims to collect data on the pain and sensory perception of 
both male and female healthy individuals. Although the overarching project has been 
testing female controls for longer, males have been added to the protocol with the goal of 
expanding our understanding pain norms. This study compares pain and sensation 
perception between genders and looks at psychosocial factors that may cause differences 
between the two populations. 
Methods: The protocol for this study is divided into quantitative sensory testing (QST) 
and questionnaires. QST is a non-invasive procedure that is used to study somatosensory 
functioning in individuals. This study specifically utilizes a QST battery to understand 
sensation and pain caused by mechanical and thermal stimuli. The deltoid and hand are 
used as control regions and the abdomen is the experimental area. Additionally, the 
Health Screening Form, Pain Rating Questionnaire, Pain Sensitivity Questionnaire, Pain 
Catastrophizing Scale questionnaire, and 36-item Short Form Survey Instrument are all 
used to gather information on participants’ medical history, mental status, and other 
psychosocial factors that may affect pain and sensory processing. Data collected from 
this protocol is then analyzed on SPSS through descriptive statistics and one-way 




Results: Throughout the protocol, there are only three values that are significantly 
different between the male and female control populations: the thermal sensory threshold 
of cold on the hand, thermal sensory threshold for heat on the hand, and pressure pain 
threshold on the hand. The p-values for these are 0.001, 0.013, and 0.044 respectively. 
Additionally, the abdomen is slightly more sensitive than the control site for certain QST 
measures like the pain threshold for cold temperatures.  
Conclusions: The lack of significant variance between genders for the majority of data 
points shows that both male and female healthy control perceive pain and sensation 
similarly. Although there may be some differences in anatomy and development, there 
are no distinct differences in the overall experience of these phenomena. Although these 
results suggest that gender does not play a significant role in pain and sensory perception, 
it is important to continue expanding the database in order to find more conclusive 
results.  
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Pain and sensation warn the body about current or potential damage and are vital 
functions of the nervous system.  Due to their importance, they are controlled by a series 
of complex pathways involving both central and peripheral nervous systems (Serpell, 
2006). Beginning at free nerve endings in the integument, these pathways are divided into 
ascending and descending parts. Initially, the activation of nociceptors will lead to acute 
pain. However, continued stimulation of the pain pathway can result in chronic pain 
(Tracey, 2008). While the structural components of these pathways are the focus of many 
pain studies, pain is also heavily affected by a number of psychological factors like pain 
catastrophizing and mental health status (Borsook, Youssef, Barakat, Sieberg, & Elman, 
2018). In order to assess the perception of pain and sensation completely, it is imperative 
to understand the pain pathways and the multiple external components that affect them. 
Non-noxious Sensation 
Innocuous pathways of sensation utilize different structural components but 
follow paths that are similar to those of noxious stimuli. Low-threshold cutaneous 
receptors throughout the periphery respond to stimuli and send signals to the spinal cord 
through Aa or Ab fibers (Julius & Basbaum, 2001). Both of these neurons are 
myelinated primary afferent neurons with large diameters. They are involved in 
proprioception, vibration, and light touch and have no thermal threshold (Moayedi & 
Davis, 2012; Julius & Basbaum, 2001). Due to their structure, they are able to send 
signals at very high conduction velocities (Julius & Basbaum, 2001).  
 
2	
Aa and Ab fibers enter the spinal cord medial to the dorsal horn, and project to 
the dorsal horn. Once in the spinal cord, some fibers can synapse directly with C-fibers 
(described below) in lamina II of the dorsal horn or send collateral branches that 
terminate in laminae III, IV, and V. These collateral branches not only spread information 
regarding non-painful stimuli, but they can also participate in the modulation of pain at 
the level of the spinal cord (Steeds, 2016). Most of the fibers continue ascending, without 
synapsing, via the dorsal column (Shishido & Toda, 2017). The dorsal column is a major 
pathway for innocuous signals of touch, pressure, flutter, and vibration to continue onto 
higher centers in the brain (Kaas et al., 2008). These neurons generally synapse at the 
dorsal column nuclei which are located in medulla of the brainstem (Saab, Garcia-Nicas, 
& Willis, 2002; Shishido & Toda, 2017). Composed of the gracile and cuneate nuclei, the 
dorsal column nuclei serve as the first relay center for innocuous somatosensory inputs 
from primary afferent neurons. Here, mainly single spikes across a large group of 
primary afferents are used for signal detection. The combination of spikes, stemming 
originally from receptors in hair follicles, Merkel cells, Ruffini endings, and Pacinian 
corpuscles of the skin, will eventually relay tactile information (Shishido & Toda, 2017).  
From the dorsal column nuclei, secondary afferent neurons transmit information 
to the contralateral somatosensory thalamus and then to the primary somatosensory 
cortex. Area 3b of the primary somatosensory cortex is especially sensitive to 
somatosensory signals from the thalamus. This is where initial processing of such signals 
occurs and lesions in this region can cause a loss of innocuous sensation. Although some 
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axons terminate in area 3b, some signals continue to be processed in even higher centers 
of the somatosensory pathway (Liao, Reed, Qi, Sawyer, & Kaas, 2018).   
 
Figure 1: Post-Synaptic Axons Ascending Through the Dorsal Column. Axons travel 
from the lumbar and sacral (L6-S1) levels of the spinal cord to the gracile (Gr) and 




Pain is defined by the International Association for the Study of Pain as “an 
unpleasant sensory and emotional experience associated with actual or potential tissue 
damage, or described in terms of such damage” (Cohen, Quintner, & van Rysewyk, 
2018). This definition simply describes a very dynamic phenomenon. Pain is a subjective 
experience that requires conscious recognition (Steeds, 2016). It is affected by both 
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conscious and unconscious capacities of the brain and is largely dependent on 
nociception (Borsook et al., 2018).  
Nociception is a neural process that transduces and transmits noxious stimuli to 
the brain through pain pathways (Steeds, 2016). It can be initiated by thermal, 
mechanical, or chemical stimuli that surpass the threshold of nociceptors. Once 
nociceptors meet such stimuli, they depolarize and transduce these impulses into 
electrical signals that are sent to the dorsal horn of the spinal cord. Acute pain is 
recognized by high-threshold nociceptors which send signals through primary afferent 
fibers: Ad and C. Ad fibers are lightly myelinated neurons with medium diameter (Julius 
& Basbaum, 2001). They rapidly carry signals that relay the location and sensation of 
sharp pain at a range of 6 to 25 meters per second (Babos, Grady, Wisnoff, & McGhee, 
2013; Julius & Basbaum, 2001). They include two classes of fibers that are differentiated 
by their thermal thresholds. Type I Ad fibers have a threshold of -53 degrees Celsius, and 
type II Ad fibers have a threshold of -43 degrees Celsius (Julius & Basbaum, 2001). C 
fibers are unmyelinated neurons with a small diameter. They slowly carry signals at about 
1 meter per second, informing the body of dull aching or burning sensations (Babos et al., 






Figure 2: Signal Conduction by Primary Afferent Fibers. Graph A shows differences 
in the voltage and speed of Ad and C fibers as compared to Aa b fibers (used for non-
nociceptive stimuli). Graph B explains that Ad fibers are responsible for the first (fast) 
pain response and C fibers are responsible for the second (slow) response, due to their 
respective conduction speeds (Julius & Basbaum, 2001). 
 
The stimulation of these primary afferent fibers is a complicated process 
involving numerous types of proteins and chemicals. Depending on the type of stimulus 
at hand, specific ligand and receptor combinations are utilized (Babos et al., 2013). There 
are two types of Ad fiber nociceptors, but both act on strong mechanical stimuli. Each of 
these two classes is unique in its response to thermal stimuli and tissue injury. C fiber 
nociceptors respond to all three types of pain stimuli. Among this variety of nociceptors, 
most are polymodal in structure and are able to use a greater range of signal-transduction 





responding to a wide range of stimuli (Julius & Basbaum, 2001). The transient receptor 
potential cation channel family is a group of polymodal nociceptors that is widely used 
with regard to chemical and thermal signals.  Members in this family have different 
structures and functions, depending on what they are activated by.  These receptors can 
be activated by high temperatures, low temperatures, changes in pH, and/or specific 
chemicals. Acid-sensitive ion channels also play a role in detecting and transducing 
chemical stimuli as they are activated by decreases in pH. Other receptors activated by 
chemical ligands are purine-activated ligand-operated ion channels, and bradykinin 1 and 
2 receptors (Babos et al., 2013).   
The dorsal horn of the spinal cord is the second point of modulation in the pain 
pathway. It is where primary afferent fibers synapse with secondary neurons and 
interneurons (Serpell, 2006). It is divided into interconnected, or Rexed, laminae each 
housing different types of neurons (Babos et al., 2013). In regards to primary afferent 
neurons, C fibers terminate in lamina II, the substantia gelatinosa, and Ad fibers extend to 
laminae I and V. These fibers then synapse with two types of second-order nociceptive 
neurons, spread among laminae II, III, V, and VI (Steeds, 2016). Nociceptive specific 
neurons, found in laminae II and III, exclusively respond to high-threshold noxious 
stimuli. Wide dynamic range neurons synapse with fibers relaying a range of sensory 
stimuli and are seen in laminae V and VI (Steeds, 2016). Secondary neurons with cell 
bodies in laminae I or II are synapsed with primary afferent neurons that receive either 
mechanical or thermal noxious stimuli. Neurons whose cell bodies are found in lamina V 
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can be activated by non-painful signals or noxious stimuli with tactile, muscular, or 
visceral origins (Babos et al., 2013).  
The dorsal horn serves as a control point where excitatory and inhibitory 
interneurons interact, affecting the final pain sensation. The gate control theory of pain 
considers this phenomenon, proposing that the substantia gelatinosa of the dorsal horn 
acts as a “gate” for nociceptive signals. It modulates the transmission of signals from the 
primary afferent fibers to the transmission cells in the spinal cord. A fibers and C fibers 
synapse onto substantia gelatinosa and transmission cells. Substantia gelatinosa cells 
have an inhibitory effect on the primary afferent fiber terminals at the transmission cells. 
This inhibition is amplified by A fibers (closing the gate) and repressed by C fibers 
(opening the gate). In addition to the interaction between substantia gelatinosa and 
transmission cells, both A and C fibers have an excitatory effect on the transmission cells 
which send signals to higher centers of the pain pathway (Moayedi & Davis, 2012) 
(Serpell, 2006). In this system, C fibers are also affected by non-noxious, large sensory 
afferent Ab fibers from the skin. These Ab fibers inhibit C fibers, thus decreasing 









Figure 3: Gate Control System. Through the gate control system, A fibers and C fibers 
act upon the cells of the substantia gelatinosa (SG) and transmission (T) cells of the 
spinal cord (Moayedi & Davis, 2012).  
 
Impulses from supraspinal descending fibers that project onto the dorsal horn can 
also have effects on the gate-control system, specifically via the neospinothalamic and 
paleospinothalamic tracts (discussed below). Efferent neurons from higher centers of the 
central nervous system can release excitatory chemicals such as glutamate, calcitonin 
gene-related peptide and substance P, increasing sensitivity towards nociceptive signals. 
The same centers also project efferent neurons that can release inhibitory chemicals like 
endorphins, enkephalins, norepinephrine, serotonin, and g-aminobutyric acid (GABA). 
These neurotransmitters will either hyperpolarize postsynaptic nerve terminals or 
decrease the influx of calcium into presynaptic nerve terminals. These chemicals make it 
less likely for secondary neurons to progress nociception through the pain pathway 
(Babos et al., 2013). The presence of excitatory neurotransmitters will ‘open’ the gate and 
that of inhibitory neurotransmitters will ‘close’ the gate. This adds another aspect of 
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modulation to the substantia gelatinosa, a vital gate of control to eventual pain and its 
related behaviors (Moayedi & Davis, 2012).   
Once nociceptive specific and wide dynamic range neurons receive impulses from 
primary afferent neurons, they send signals to higher centers of the pain pathway through 
two different contralateral tracts in the anterolateral white matter of the spinal cord: 
spinoreticular and spinothalamic. The spinoreticular tract evolved early in phylogeny. It 
is made of cells in grey matter, including those of lamina V. This tract sends signals to 
the thalamus and hypothalamus through nuclei of the brainstem reticular formation. Some 
of the tract’s fibers also project diffusely to the whole cerebral cortex. Due to its 
structure, the spinoreticular tract functions in the perception of diffuse, emotionally 
disturbing pain. The spinothalamic tract was more recently evolved in regards to 
phylogeny. It contains axons of secondary neurons found in laminae I and V, likely 
containing signals provided by Ad fibers. This tract is further subdivided into the 
neospinothalamic and paleospinothalamic tracts (Steeds, 2016). The neospinothalamic 
tract is monosynaptic and ascends to the ventral posterior lateral nucleus of the thalamus. 
From the thalamus, synapses with tertiary afferent neurons continue onto the post-central 
gyrus at the cortex (Serpell, 2006). The axons in this tract are ordered somatotopically, 
meaning that they are involved in the sensory-discriminative property of pain (Steeds, 
2016). The paleospinothalamic tract is polysynaptic and projects via the medial thalamus. 
It includes collateral fibers that project onto the midbrain, pontine and medullary reticular 
formations, the periaqueductal grey matter, and the hypothalamus (Serpell, 2006). This 
tract provides little information on the intensity and topography of pain, but it is heavily 
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involved with the autonomic and affective aspects of pain (Babos et al., 2013; Steeds, 
2016). As a result, it affects reflex responses to pain, especially in regards to the 
respiratory, circulatory, and endocrine systems (Serpell, 2006).  
 After nociceptive signals reach the brain through these tracts, the thalamus and 
the cerebral cortex play important roles in pain processing. Although the spinoreticular 
tract terminates in multiple locations throughout the brain to provide feelings of diffuse 
pain, the spinothalamic tract extends to specific areas and results in somatotopically 
distinct sensations of pain (Steeds, 2016). The thalamus receives information from the 
spinothalamic tract and processes it before it travels to the cortex (Julius & Basbaum, 
2001). Once the axons traveling through the neospinothalamic and paleospinothalamic 
tracts terminate in the lateral and medial nuclei of the thalamus respectively, neurons 
travel from these two areas to the primary and secondary somatosensory cortexes, the 
parietal cortex, the insula, the anterior cingulate cortex and the dorsolateral prefrontal 
cortex. The primary somatosensory cortex participates in the sensory-discriminative 
aspects of pain processing as its neurons encode the intensity of nociceptive stimuli. 
Similarly, the secondary somatosensory cortex processes information on pain intensity 
via complex response patterns. The parietal cortex works to shift an individual’s attention 
towards the noxious stimulus (Bromm et al., 2002). The insular cortex functions to 
provide perception of both pain intensity and feelings of unpleasantness (Casey, 
Minoshima, & Lorenz, 2003). The anterior cingulate cortex integrates information on 
painful stimuli and projects signals to areas of the brain that are related to motor function. 
It is likely that this allows for behavioral responses to pain. The dorsolateral prefrontal 
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cortex utilizes its link to working memory processing and keeps information regarding 
noxious stimuli at the forefront in case it requires further processing. Together, these six 
regions of the brain form the nociceptive system and represent the highest center of the 
ascending pathway of pain.  
 As the ascending pathway reaches its end, the pain processing system in the brain 
functions to integrate signals and formulate behaviors related to pain. This system 
receives and analyses sensory input and shifts the body’s attention to the nociceptive 
stimulus. It moves pain-related information to working memory and analyzes the 
information to avoid damage in the future. In addition to these immediate actions, it also 
communicates with the motor complexes of the brain to prepare for defense against the 
noxious stimuli (Bromm et al., 2002).  
 As mentioned with regard to the gate-control theory, the descending pathway of 
pain extends from certain areas of the brain down to the dorsal horn of the spinal cord. 
Similar to cells in the dorsal horn, descending neurons play roles in pain modulation. 
These axons originate in the periaqueductal grey and the nucleus raphe magnus and 
release noradrenaline and 5-hydroxytryptamine to inhibit pain signaling. The 
periaqueductal grey receives impulses from the thalamus, hypothalamus, and cortex. It 
also receives contralateral signals from the spinothalamic tract. When depolarized, 
descending axons from this area send signals to cells in the nucleus raphe magnus. 
Neurons from here then project axons to the dorsal horn, eventually blocking the 
transmission of nociception. This creates an analgesic, pain relieving, effect. The raphe 
nucleus also projects serotonin-secreting axons to the laminae II and III of the dorsal 
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horn. Serotonin is a powerful inhibitory neurotransmitter and can completely block pain 
transmission. In addition to the raphe nuclei, other areas of the brainstem can control pain 
signal transmission by acting directly on dorsal horn cells, exciting inhibitory neurons, 
and inhibiting excitatory neurons (Steeds, 2016). 
 
Figure 4: The Ascending and Descending Pain Pathways. The ascending, 
spinothalamic tracts and descending tracts control the perception of pain at multiple 
points in their pathway (Steeds, 2016). 
 
Types of Pain 
 Pain ultimately serves as a sensation that alerts individuals of existing or potential 
damage to the body. Although it provides a clear objective, this broad definition allows 
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pain to be further categorized into multiple classes. Pain can either be nociceptive or 
neuropathic in nature (Serpell, 2006). Nociceptive pain, similar to what has been 
described thus far, stems from noxious stimuli and is generally finite and more localized 
(Babos et al., 2013). This form of pain can be further analyzed to be somatic or visceral, 
depending on the location of the stimulus (Serpell, 2006). Somatic pain generally stems 
from the musculoskeletal system and provides a sharp, localized sensation. Visceral pain, 
on the other hand, results from noxious signals perceived by nociceptors on organs and is 
mostly diffused and poorly localized (Smith & Eckert, 2018). Neuropathic pain results 
from nerve irritation after surgery or a disease state and is initiated by damage to the 
central and/or peripheral nervous system (Babos et al., 2013).  
 Nociceptive pain begins as a result of mechanical, thermal, or chemical stimuli 
that interact with receptors in the peripheral nervous system. It follows the pain pathways 
analyzed above, traveling through routes suitable for the type and intensity of the noxious 
stimulus (Serpell, 2006). This type of pain goes through the multiple points of control in 
the pain system, reaching higher centers in the brain through the spinothalamic or 
spinoreticular tracts (Steeds, 2016).  
 Within nociceptive pain, somatic pain receives, transduces, and transmits 
impulses stemming from the periphery. In order to provide a thorough analysis of the 
noxious stimulus, somatic pain presents in two phases: physiological (first or fast) and 
pathophysiological (second or slow) pain. Physiological pain is protective in nature as it 
allows the individual to identify the sensation with accuracy and speed. These signals are 
received by high-threshold thermal or mechanical receptors and transduced through Ad to 
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laminae I, V, and X of the spinal cord’s dorsal horn. From here, signals ascend to the 
posterior thalamic nuclei through the neospinothalamic tract. Axons in the spinal cord 
synapse with tertiary afferent neurons to bring the fast impulses to the somatosensory 
post-central gyrus of the cortex. Unless it results in tissue damage, this form of pain stops 
with the removal of the stimulus. Pathophysiological pain functions to provide a delayed 
pain sensation, caused by tissue injury. It induces the initiation of healing actions from 
the body, calling for reflex responses and promoting tissue repair. This slow pain begins 
via the mechanical, chemical, or thermal stimulation of high-threshold polymodal 
nociceptors found in tissues. Impulses are transmitted at slower speeds through C fibers 
to laminae II and III of the dorsal horn. Secondary afferent fibers travel from the dorsal 
horn to medial thalamic nuclei via the paleospinothalamic tract. Although they may 
project onto multiple centers in the brain, the impulses ultimately reach the forebrain’s 
limbic structures. Secondary afferents involved in slow pain can also modulate impulses 
in the dorsal horn through descending efferent fibers (Serpell, 2006).  
 Unlike somatic pain, visceral pain is poorly localized as it involves low 
concentrations of nociceptors and less representation of its afferent fibers in cortical 
mapping. In addition to responding to common mechanical, chemical, and thermal 
stimuli, nociceptors in internal organs can also react to distension, inflammation, and 
ischemia (Steeds, 2016). Pain stemming from viscera sends impulses through both Ad 
and C fibers (Serpell, 2006). Visceral pain impulses travel with those of somatic pain and 
can thus be experienced as pain from surrounding somatic tissue. This pain may also be 
interpreted as a sensation at a site far from the original internal organ. Unlike somatic 
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pain, visceral pain can also be paired with nausea and autonomic disturbance as it often 
affects the colon (Steeds, 2016).   
 While nociceptive pain can be experienced with basic stimuli, neuropathic pain 
requires a disease state or injury to the nervous system (Babos et al., 2013). Partial 
destruction of the nervous system causes an increase in nerve fiber activity and some 
abnormalities like unusual sensations, pain, and altered temperature detection. These 
changes in pain and sensory processing occur due to imbalances in the inhibitory and 
excitatory modulations of the pain pathway. Complete destruction of parts of the nervous 
system will result in drastic consequences, often leading to total loss of sensation and 
muscle power (Serpell, 2006). This level of damage can lead to neuropathy, a condition 
that can be caused by circumstances such as tumor infiltration, peripheral damage due to 
chemotherapy, or diabetes mellitus (Babos et al., 2013). Although neuropathic pain is a 
common result of nerve damage, there are many symptoms of this injury. Problems such 
as central sensitization can also follow destruction of the nervous system.  
Central Sensitization  
 Sensitization of the pain pathway at the dorsal horn and central processing phase 
is referred to as central sensitization (Babos et al., 2013). Changes at this level and 
subsequent developments in related areas of the brain present with alterations in the 
perception of pain and innocuous sensation (Steeds, 2016). Through modifications in 
receptor structures and neurotransmitter concentrations, this condition often leads to 
allodynia, pain caused by innocuous stimuli, and/or hyperalgesia, increased sensitivity to 
pain (Babos et al., 2013). 
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 In the dorsal horn of the spinal cord, signals are transmitted from primary to 
secondary afferent fibers rapidly through ligand gated ion channels or slowly through 
metabotropic pathways. N-methyl-D-aspartate (NMDA) receptors are on the 
postsynaptic, receiving end of these transmitted signals (Babos et al., 2013). Unless they 
experience conformational changes, these receptors remain inactive due to magnesium 
ions that bind to them and block calcium channels. The ligand gated channels in this case 
are generally 2-amino-3(3-hydroxy-5-methyl-isoxazol-4-yl) propanoic acid (AMPA) 
receptor subtypes that are activated by glutamate, and metabotropic pathways here are 
either activated by glutamate using mGLU receptors, neuropeptides, or neurotrophic 
factors. These three types of metabotropic systems cause a conformational change in the 
NMDA receptor, leading to the dissociation of magnesium and initiation of calcium flow 
through its calcium channels. This activation of the NMDA receptor results in multiple 
effects including increased glial activation, production of inflammatory cytokines, and 
heightened sensitivity to nociceptive signals, often outlasting the initial noxious event 
(Babos et al., 2013). In addition to this series of changes, both glycine and GABA reduce 
inhibition, excitatory synaptic connections are strengthened, and at times there is even a 
death of inhibitory interneurons. At a more structural level, decreased nerve growth factor 
can cause C fibers terminations in lamina II to degenerate. Additionally, Ab fibers can 
move into lamina II, explaining the presence of allodynia. In the brain, nerve injury can 
eventually cause cortical remapping and reorganization in the primary somatosensory 
cortex, motor cortices, and subcortical areas. Because the nervous system is far-reaching, 
a wide variety of changes can develop after its damage. All of these changes ultimately 
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lead to a decreased sensory threshold for pain and a spread of the receptive field for 
noxious stimuli (Steeds, 2016).   
Chronic Pain 
 The pathways and sensations described thus far, with the exception of central 
sensitization, fall under the category of acute pain, but the same systems can lead to 
chronic pain if the sensation of pain persists. Pain that recurs or continues for more than 
three months is considered to be chronic (Tracey, 2008). It is an ill-adapted response to 
pain and is the result of a chronic disease state. In many cases, chronic pain is caused by a 
constant noxious stimulus and/or the body’s attempts for self-maintenance, despite the 
termination of the initial trigger (Ricci et al., 2019). As an individual enters a chronic 
pain state, the body begins to adapt to the continued experience of pain. Within 
supraspinal structures, the medial prefrontal cortex reflects changes in the experience of 
pain. The network of the brain is altered, changing its activation during resting periods. 
Areas that are involved with pain have also been shown to develop changes in their grey 
matter density and reducing connectivity within their white matter. Individuals who have 
chronic pain are hyperreactive to pain-related stimuli, have altered oscillatory activity in 
the inhibition and excitation of the pain pathways, and show changes in their responses 
painful and nonpainful stimuli on electroencephalographs. In the periphery, patients are 
less responsive to tactile stimuli and have a decreased perception of their muscle tension. 
Individuals may also have changed limbic pain responses (Flor, 2014).  
While all regions of the body can experience chronic pain, its presentation in the 
pelvic region is the focus of this study. Chronic pelvic pain is noncyclic and is felt at or 
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below the umbilicus. It lasts for at least three to six months and hinders daily activities. A 
differential diagnosis for this condition in adolescents can often foreshadow the presence 
of other, related disease states in adulthood. During adolescence, chronic pelvic pain can 
be caused by psychosomatic, musculoskeletal, gastrointestinal, genitourinary, or 
gynecologic problems. Within gynecology, endometriosis is a common cause for this 
pain in adolescent females. In regards to treatment, it is important that medical 
professionals recognize any life-threatening abnormalities, identify treatable causes, 
manage the pain with realistic expectations, and validate patients’ pain and concern 
(Powell, 2014).  
Endometriosis is a common inflammatory disease, present among women at or 
beyond their reproductive age (Shafrir et al., 2018; Zondervan et al., 2018). It is seen in 
about ten percent of the general population and can often go undiagnosed in many 
patients (Shafrir et al., 2018). In this disease state, uterine wall tissue, the endometrium, is 
found in areas outside of the uterus. Although this tissue has been found in a variety of 
places, it generally grows on pelvic organs on tissues (Zondervan et al., 2018). This 
growth causes symptoms such as infertility, dysmenorrhea, and pelvic pain and diagnoses 
are confirmed with surgery and verification through histology (Shafrir et al., 2018; 
Zondervan et al., 2018). Treatment is currently limited to surgery, hormonal treatment, 
and analgesic medications and if often met with a recurrence of symptoms (Zondervan et 
al., 2018). In order to find alternatives to treatment, it is necessary that both patients and 




Iceberg Principle  
 The discussion of chronic pain brings forward the consideration of multiple, 
psychophysical factors that may contribute to the experience of pain. Structures and 
systems within the nervous system are fundamental to nociception, but the perception of 
pain is influenced by a multitude of elements, especially when it enters the chronic state 
(Flor, 2014). The Iceberg Principle states that only a very small amount of information is 
visible about a situation or phenomenon, and the bulk of data is either hidden or 
unavailable. Pain is considered to follow this concept, meaning that the conscious 
experience of pain is visible, but the unconscious contributions to the same are not 
(Borsook et al., 2018).  
 Unconscious perception of pain is affected by a variety of factors and events 
experienced by the individual in pain. Comorbidities and emotional states, developmental 
delays, opioid use, previous trauma, altered pain sensitivity are all examples of such 
influences. Comorbidities such as depression and anxiety have been widely studied and 
are known to affect networks in the brain that could eventually increase the intensity of 
pain.  Opioid use, especially long-term, can lead to increased pain sensitivity and pain 
chronification. Trauma and memories of negative emotions associated with physical 
events can increase intensity of pain. They can also enhance the likelihood of chronic 
pain induction (Borsook et al., 2018).  
 Even in experimental pain, healthy controls have been shown to be affected by 
their subconscious state. This is evident in studies that focus on concepts such as the 
placebo affect or emotional manipulation during nociception. It is clear, through the 
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iceberg principle, that studies focusing on pain should look at its perception from a 
holistic viewpoint. Considering psychophysical factors is equally as important as 
understanding the structure of the nervous system (Borsook et al., 2018).  
 Taking both core pain pathways and the iceberg principle into consideration, 
quantitative sensory testing (QST) is a non-invasive, psychophysical serious of tests used 
to further understand somatosensory function in response to specific noxious and 
innocuous stimuli. This method can be used to test pain sensitivity and perception in a 
research setting and is now used in studies considering disease states such as small fiber 
neuropathy, allodynia, and hyperalgesia. Currently, enough data has been collected 
through QST to create pain norms for body parts such as the arms, hands, and feet. While 
this is helpful to the study of pain and sensory perception, other areas of the body such as 
the abdomen will still require further research before norms are established. The lack of 
pain norms for the abdomen propose a limitation to research focused on issues such as 







	 The Biobehavioral Pediatric Pain (BPP) Laboratory at Boston Children’s Hospital 
is a research group in the departments of psychiatry and anesthesiology, perioperative, 
and pain medicine. Led by Dr. Christine Sieberg, Ph.D., EdM, MA, this laboratory aims 
to enhance the health and well-being of children and adolescents who suffer from chronic 
pain. Currently, this group is leading and participating in multiple projects, one of which 
focuses on pain and sensory processing in adolescent patients with endometriosis. The 
study considered here falls within the wide reach of this particular project. Executed in 
partnership with Boston Center for Endometriosis, this project initially compared 
endometriosis patients between the ages of 12 and 22 with female healthy controls of the 
same age group. Recently, a population of male healthy controls between the ages of 12 
and 22 was also added to the protocol in order to gain a more holistic understanding of 
pain norms. By collecting data on both sexes, it is possible to differentiate between 
changes in pain sensitivity due to menstruation and other systematic or psychophysical 
factors. The aspect of the study that focuses on these two healthy control populations 
aims to understand differences in daily pain experiences, pain and sensory perception 
within laboratory measures, and responses to questionnaires concerning psychophysical 
factors.  
 Participants for this study are recruited through multiple mediums and are invited 
to participate in the study based on participant inclusion/exclusion criteria. The majority 
of the enrolled population enlist in the study due to active recruitment in Boston Children 
Hospital’s Adolescent/Young Adult Medicine Clinic or advertisements on Craig’s List 
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and across local college campuses. Healthy controls who are interested are selected if 
they speak sufficient English to complete questionnaires, fall in the age group of 12-22, 
do not have severe cognitive impairment by history, and do not have any co-morbidities 
that would confound with the data.  
Those who meet all criteria participate in the study at the laboratory’s office on 
the Boston Children’s Hospital campus. All appointments are conducted by BPP 
laboratory staff and include participant consent/assent, questionnaires, and QST. Once 
this data is collected, participants receive a gift-card to compensate for their time. All 
material that is gathered from participant visits is linked to a study number in order to 
protect all confidential information, in accordance with the Health Insurance Portability 
and Accountability Act (HIPAA).  
Questionnaires  
 After completing the initial consent/assent portion of the protocol, participants are 
asked to privately complete five sets of questionnaires.  
Demographics 
The first questionnaire is a Health Screening Form and aims to collect information 
related to demographics and medical history. In regards to demographic information, this 
form asks participants about their age, gender, race/ethnicity, height, weight, and 
education. In terms of medical history, the questionnaire asks individuals about 
comorbidities including mental health conditions, head trauma, headaches/migraines, 
irritable bowel syndrome, fibromyalgia, and chronic pelvic pain. To collect a complete 
medical history, the form also looks at reproductive health and asks about pregnancy, 
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menstruation, and birth control use. Additionally, the questionnaire asks about current 
pain and lifestyle choices such as drug use and alcohol consumption.  
Pain  
The Pain Rating Questionnaire (PRQ) and Pain Sensitivity Questionnaire (PSQ) 
both consider participants’ pain experience. The PRQ asks individuals to provide pain 
ratings for their current, worst, and average pain during the past six months. They are 
asked to quantify feelings of pain on a scale from 0 to 10, 10 being the worst pain 
imaginable. The PSQ includes a 17-item measure for pain perception. Here, participants 
are asked to imagine a series of painful daily life scenarios and rate their perceived pain 
on a scale from 0 to 10, 10 being the worst pain.  
Psychophysical Functioning 
The Pain Catastrophizing Scale (PCS) and 36-Item Short Form Survey Instrument 
(SF-36) both aim to gather information on participants’ mental status and psychophysical 
functioning. The PCS questionnaire is a 13-item, 5-point scale that considers negative 
thinking associated with pain. It proposes certain pain-related scenarios and asks 
individuals to quantify their thoughts on pain via the scale provided. The SF-36 packet 
measures functional disability. Through this survey, participants answer multiple choice 
questions regarding perception of their personal health.  
All five of these questionnaires allow for the collection of information on 
participants’ baseline pain, demography, and psychophysical characteristics. The data 
gathered through these surveys is eventually correlated with QST data, allowing us to 
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understand the role of multiple psychological and social factors in pain and sensory 
perception.  
Quantitative Sensory Testing  
 QST is a non-invasive procedure that allows for the study of somatosensory 
functioning in individuals.  Proven to be useful within the realm of pain and sensory 
processing since its inception through the German research network, QST has been 
developed into a standardized battery of multiple short, yet reliable tests. The 
straightforward nature of these tests and the limited distress they cause make them 
essential to projects that consider adolescents in the field of psychophysiology 
(Blankenburg et al., 2010). In this particular study, multiple mechanical and thermal 
instruments are utilized to study both sensory and pain thresholds of participants’ 
abdomen and non-dominant deltoid. In this battery, all tests are conducted on the non-
dominant deltoid and hand first and then on the four quadrants of the abdomen. Here, the 
deltoid and hand serve as the control and the abdomen as the experimental area.  
Sensation and Pain caused by Mechanical Stimuli 
 The QST series utilized here begins with a mechanical portion that is comprised 
of five tests. The first test studies dynamic mechanical touch sensation and involves a 2-
gram brush that is swept over a 3 cm distance at 3 to 5 centimeters per second along the 
non-dominant deltoid. This is repeated three times, asking the participant if this sensation 
is “soft” or “harsh” each time. If the participant finds any of these trials to be “harsh,” 
he/she is asked to rate his/her pain on a scale from 0 to 10, 10 being the worst pain 
imaginable. Following this is the light touch detection threshold test where Von Frey 
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filaments are used to analyze sensation threshold. Starting at the lowest filament number, 
the participant is tapped on the same deltoid region. The stimulus is applied for one 
second and then removed for one second. This is repeated 3 times and each set of three 
trials is repeated with increasing filament numbers until the participant can detect the 
touch sensation. The touch threshold number is only recorded when the individual can 
detect sensation for two out of three trials with the same filament. Once this number has 
been documented, the same test structure is repeated with further increasing filament 
numbers until the participant detects a sharp prick sensation for two out of three trials for 
the same mechanical stimulus. This portion of the battery is referred to as the sharp prick 
detection threshold test. As part of the test, the individual is asked to rate his/her pain on 
a scale from 0 to 10 (10 being the worst pain) once he/she feels a sharp prick. After these 
three tests have been completed, the study moves on to the analysis of pressure and 
pressure pain sensation using a pressure algometer.  
During the pressure and pressure pain sensation test, the pressure sensor of the 
algometer is placed perpendicular to the participant’s non-dominant middle finger nail-
bed and pressure is gradually increased until the individual feels pain or discomfort. 
His/her hand is placed flat, palm down on the table for optimal results. This test is also 
repeated for a total of three trials. The final test in the mechanical portion of this battery 
uses the Von Frey filaments once again and considers temporal summation or wind-up. 
This time, the sharp prick threshold filament number is applied for one second and 
repeated every second for 10 seconds. Once one set of 10 stimuli is completed, the 
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participant is asked to rate his/her pain on a scale of 0 to 10 (10 being the worst). This 
procedure is repeated two more times, waiting ten seconds between each set of stimuli.  
Sensation and Pain caused by Thermal Stimuli  
Once the mechanical section is finished, the protocol moves on to the analysis of 
sensation and pain perception caused by thermal stimuli. This portion of the battery 
includes two different tests, starting with thermal sensory detection. Here, a thermode is 
placed on the palmer thenar eminence of the participant’s non-dominant hand. The 
thermode changes temperature for eight trials and the participant is asked to click a 
mouse each time he/she detects any change. During this test, the thermode decreases 
temperature for the first four trials and increase temperature for the next four. The second 
thermal test focuses on thermal pain detection and includes six trials. This time, the 
participant is asked to click the mouse whenever he/she feels pain or discomfort. Once 
he/she clicks the mouse, he/she is asked to provide a rating from 0 to 10 (10 being the 
worst) for the severity of pain caused by the thermode. For this test, the thermode 
decreases temperature for the first three trials and increases temperature for the next 
three.  
 After the thermal pain detection pain test is completed for the arm, the control 
portion of the QST comes to an end. Following this, the same seven tests are conducted 
on the four quadrants of the abdomen. The order remains the same and each test is 
completed for all parts of the abdomen before moving onto the next stage of the protocol.  
Statistical Analysis  
 
27	
 The statistical analysis for all of our data was conducted through Statistical 
Package for the Social Sciences (SPSS) software. Different sections of the data were 
analyzed through different statistical functions. Information gathered from healthy 
control females in the past two years was analyzed through correlations and descriptive 
statistics. Each data point of the complete female healthy control population was 
described using ranges, minimum values, maximum values, means, and standard 
deviations. Although the aim of this study is to compare male and female pain and 
sensation norms, this portion of the analysis was conducted to understand progress thus 
far and guide future directions in the recruitment of male healthy controls.  
 While data has been collected on 92 female healthy control participants, our male 
healthy control population was added to the overarching project more recently, in 
September of 2018. Thus far, 16 participants have completed the study within this male 
sample size. This is a preliminary data set and was compared with 16 age-matched 
female healthy control participants from our database. The two genders were compared 
against each other using one-way analyses of variance (ANOVA) for each data point that 










 The healthy control portion of the overarching project considering pain and 
sensory processing in patients with chronic pelvic pain secondary due to endometriosis 
includes 108 participants. Of these, 92 are female healthy controls and 16 are male 
healthy controls.  
Female Healthy Controls  
 As mentioned above, the total female healthy control population contains 92 
participants. Three of these participants have been omitted from the total sample size 
because of confounding comorbidities. Of the 92 that remain, some individuals have 
certain missing data points and thus cannot be included in the analysis of those 
categories. Although most data points include either 88 or 89 participants, portions of the 
protocol that were added later in the progression of the project have a much smaller 
sample size. Although there are some differences in sample size for certain data points, 
the overall database formed over the last two years of data collection gathers a large 
amount of information regarding the general health of our female healthy control 
population.   
 The questionnaires completed by participants at the beginning of each testing 
session provide information on the general health and mental status of all healthy control 
participants. Through the PRQ, individuals provide information on average and worst 
pain at the time of the study and in the last week, month, and six months from the study 
date. Within the control female population, participants showed the highest rating of pain 
for the question regarding their ‘worst pain in the last six months’. For this question, the 
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average answer was 4.74 out of 10 (10 being the worst pain) with a standard deviation 
(SD) of 2.69. Participants’ pain rating for their ‘worst pain in the last month’ was similar, 
with an average answer of 4.15 out of 10 with an SD of 2.79. Participants showed the 
lowest pain rating for ‘current pain’. The average rating for this was 0.41 out of 10 with 
an SD of .95. The pain ratings for average pain in the week before the study date was also 
relatively low with an average answer of 1.29 out of 10 with an SD of 1.64. Responses 
for ‘worst pain in the last week’, ‘average pain in the last month’, and ‘average pain in 
the last six months’ were similar, ranging from averages of 2.38 to 2.87 out of 10. In the 
Health Screening Form, participants were also asked to rate the average pain they 
endured during their periods/vaginal bleeding. The average answer for this was a 4.26 out 
of 10 with an SD of 2.08 (10 being the worst pain), similar to the responses to ‘worst pain 













Table 1: Pain Rating Questionnaire Values 
 Range (maximum-
minimum) 
Mean Standard Deviation 
Current Pain 5 0.41 0.95 
Average Pain in the 
Last Week  
8 1.29 1.64 
Worst Pain in the 
Last week 
10 2.87 2.49 
Average Pain in the 
Last Month 
10 2.38 2.36 
Worst Pain in the 
Last Month 
10 4.15 2.79 
Average Pain in the 
Last Six Months 
10 2.69 2.54 
Worst Pain in the 
Last Six Months 




8 4.26 2.08 
 
 To expand the understanding of participants’ pain experience, information on pain 
sensitivity was extracted from the PSQ. Within this questionnaire, responses to questions 
focusing on minor scenarios such as bumping one’s shin on a hard edge of a table had an 
average pain rating of 3 out of 10 with and SD of 1.52 (10 being the worst pain). 
Responses to questions on major events like trapping one’s finger in a drawer had a 
higher average pain rating of 4 out of 10 with an SD of 1.67. The average response to all 
questions on the PSQ was 4 out of 10 with an SD of 1.57, understandably in the middle 
of the average minor and average major PSQ responses. The PCS questionnaire, looking 
at pain catastrophizing, had an average total score of 9.4 (SD = 9.6) out of 52, indicating 
overall low pain catastrophizing.  
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 The SF-36 questionnaire allowed for data collection on the general health of the 
population. After comparing individuals’ responses from this questionnaire to QST data, 
the female healthy control population was given scores for a variety of health measures. 
The sample population had an average rating of 90 out of 100 (100 being the best) (SD = 
14.26) for physical functioning, and a rating of 95.31 out of 100 (SD = 13.60) for 
physical health. Their ratings for social functioning and pain were slightly lower with 
averages of 74.21 out of 100 (SD = 23.48) and 75.47 out of 100 (SD = 17.61) 
respectively. Their ratings for emotional problems, energy, and emotional wellbeing were 
the lowest of the measures with averages of 60.42 out of 100 (SD = 44.23), 55.31 out of 
100 (SD = 23.63), and 64.5 out of 100 (SD = 19.48). Using all of these measures, the 
general health of the population had an average rating of 68.44 out of 100 (SD = 18.77).  
Table 2: SF-36 Questionnaire General Health Measures 
 Range Mean Standard Deviation 
Physical 
Functioning 
45 90 14.26 
Physical Health 50 95.31 13.60 
Emotional 
Problems 
100 60.42 44.25 
Energy 80 55.31 23.63 
Emotional 
Wellbeing 
68 64.50 19.48 
Social Functioning 75 74.21 23.48 
Pain 67.50 75.47 17.61 




 Although all of the questionnaires utilized in the protocol allow for the assessment 
of general health, mental status, and prior pain experiences, the QST protocol collects 
important experimental data on the thresholds of sensation and pain. In this section of the 
study, the control region (non-dominant deltoid and non-dominant hand) provides a 
baseline to compare data points from the experimental region (four quadrants of the 
abdomen). Within the control portion of this protocol, participants were able to detect 
sensation with Von Frey hairs weighing an average of 0.26 grams (SD = 0.48). 
Participants’ pain threshold was reached with Von Frey hairs weighing an average of 
101.53 grams (SD = 136.90). The average pain rating at this threshold was .93 out of 10 
(10 being the worst pain) with a standard deviation of .82. Individuals in this same 
population reached a pain threshold with an average of 39.94 newtons (N) of pressure 
from an algometer (SD = 17.91).  
Table 3: Control Pain and Sensory Thresholds (Von Frey and Pressure Algometer)  
 Range Mean Standard Deviation 
Sensory Threshold 
(Von Frey) 
3.99 grams .26 grams .48 grams 
Pain Threshold 
(Von Frey) 
299.60 grams 101.53 grams 136.90 grams 
Pain Rating at 
Threshold (Von 
Frey) 




95.33 N 39.94 N 17.91 N 
 
 The same mechanical QST tests resulted in a different range of responses when 
conducted on the four quadrants of the abdomen. Here, the lower left quadrant had the 
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lowest sensation threshold and the upper right quadrant had the highest sensation 
threshold. Participants detected a light touch with Von Frey hairs weighing an average of 
0.28 (SD = .38) on the lower left quadrant. They felt the same touch with Von Frey hairs 
weighing an average of 0.63 grams (SD = 2.77) on the upper right quadrant. Pain 
threshold was lowest on the upper left quadrant and highest on the lower right quadrant. 
Individuals detected pain with Von Frey hairs weighing an average of 80.29 (SD = 
121.95) on the upper left quadrant and an average of 89.33 (SD = 128.14) on the lower 
right quadrant. The pain score given at the pain threshold was extremely similar across all 
four quadrants, ranging from 0.86 to 0.91 out of 10 (10 being the worst pain). Pain 
threshold for pressure from an algometer was lowest for the upper left quadrant as 
participants felt pain with an average pressure of 15.23 N (SD = 7.28). The same 
threshold was highest for participants’ upper left quadrant as they felt pain at an average 
of 17.12 N (SD = 11.35).   
Table 4: Abdominal Sensation and Pain Thresholds for Mechanical Stimuli 






























Pain Rating at 
Pain 
Threshold 
(Out of 10) 
















 In addition to the data collected from the QST mechanical testing, information 
was gathered through similar testing on thermal thresholds. With testing at the control 
site, participants had a lower detection threshold for cold temperature than they did for 
warm temperature. After starting at a baseline temperature of 32° Celsius (C), 
participants detected change in temperature at an average of 29.71°C for decreasing 
temperature (SD = 1.44) and an average temperature of 34.03°C (SD = 0.92) for 
increasing temperature. When testing for thermal pain threshold, participants had a higher 
pain threshold for cold than they did for heat. Starting at a baseline temperature of 32°C 
again, participants felt pain at an average of 12.49°C when temperatures decreased and an 
average of 43°C when temperatures increased. Interestingly, their pain rating for both 
was very similar. When conducting the same tests on the abdomen, data displays that 
participants had similar detection thresholds for cooler temperatures across all quadrants. 
They also had similar detection thresholds for warmer temperatures across all quadrants. 
However, they were able to detect cooler temperatures faster than warmer temperatures. 
With regard to thermal pain thresholds, upper quadrants had lower pain thresholds than 
lower quadrants. Individuals felt pain at an average of 26.56°C on upper quadrants and 
16.30°C on lower quadrants when temperatures decreased. Conversely, pain thresholds 
for heat were similar for both upper and lower quadrants. Additionally, pain scores were 






Table 5: Thermal Sensory Detection (Control and Experimental) 
 Range (°C) Mean (°C) SD (°C) 
Hand Temperature 
Change (Cool) 
9.17 29.71 1.44 
Hand Temperature 
Change (Warm) 
5.17 34.03 0.92 
Hand Thermal Pain 
Threshold (Cold) 
28.90 12.49 8.84 
Hand Thermal Pain 
Threshold (Hot) 
































15.77 43.58 3.90 
 
Comparing Male and Female Healthy Controls  
 Currently, the data available on the male healthy control sample population is 
much less than that of the female healthy control population. The 16 participants 
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recruited since September of 2018 allow for preliminary analyses, comparing these male 
control participants to 16 female controls. Although only 32 participants were utilized in 
this portion of the statistical analysis, the results shown here can direct future studies and 
additions to the current protocol.  
 The current male healthy control population is partially representative of the 
general adolescent population. In regards to race, the population represents Caucasian, 
Asian, Latino/Hispanic, African American, and other ethnicities. Ages of the males fall 
in-line with the upper extreme of the study’s total age range, with most participants 
between the ages of 18 and 22. Most individuals within this population are either in high 
school or enrolled in a bachelor’s degree program. To account for some demographic 
deviations from the general population, all males were analyzed against age-matched 
female healthy controls.  
 The large majority of results analyzed using one-way ANOVAs conducted in this 
part of the study show insignificant results. The main data points that show a significant 
difference between male and female participants are pain ratings for the worst pain felt in 
the last week, pain ratings for average pain in the last six months, temperature change 
detection thresholds for both warm and cool temperatures on the hand, and pressure pain 
thresholds on the hand. Female participants had significantly higher pain ratings for their 
responses to the ‘worst pain in the last week’ question on the PRQ. They had an average 
response of 3.13 out of 10 (10 being the worst pain) (SD=3.03) while male participants 
rate their pain at an average of 1.00 out of 10 (SD=1.41). Similarly, female participants 
had a higher pain rating for their response to the ‘average pain in the last six months’ 
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question on the same questionnaire. Here, they rated their pain at an average of 2.63 out 
of 10 (SD = 2.60) while their male counterparts responded with an average rating of 0.79 
out of 10 (SD = 1.07). For cool temperature detection on the non-dominant palm, females 
have a lower detection threshold. Starting at a baseline temperature of 32°C, females 
detect a decrease in temperature at an average of 29.88°C and males detect the same at an 
average temperature of 28.12°C. The p-value for this difference is .0001. Similarly, 
females have a lower detection threshold for warm temperatures than males. Starting at a 
baseline temperature of 32°C again, females detect an increase in temperature at 34.05°C 
whereas males detect the same at 35.31°C. The p-value for this difference is .007. In 
regards to the pressure pain threshold on the middle finger, females once again have a 
lower threshold. They feel pain at an average of 43.16 N and males feel the same at an 
average of 70.95 N. The p-value for this difference is .020.  
Table 6: Significant Differences Between Male and Female Healthy Control 
Populations 
 Female Average Male Average P-Value 
Worst Pain in the 
Last Week (Out of 
10) 
3.13 (SD=3.03) 1.00 (SD=1.41) .034 
Average Pain in the 
Last Six Months 
(Out of 10) 
2.63 (SD=2.60) 0.79 (SD=1.07) .031 
Pressure Pain 
Threshold (N) 
43.16 (SD=22.48) 70.95 (SD=39.36) .020 
Hand Temperature 
Change (Cool) (°C) 








 Outside of these data points, there are certainly differences between the genders 
but they are not significant. Female participants responded with higher pain ratings on all 
questions on the Pain Rating Questionnaire. According to the PCS questionnaire, female 
participants had a higher tendency to catastrophize pain. Conversely, according to the 
PSQ, male participants had a higher pain sensitivity than females. In regards to health 
measures calculated by the SF-36 questionnaire, female participants only had higher 
scores on energy. Males had higher scores on physical functioning, physical health, 
emotional problems, emotional well-being, social functioning, pain, and general health.  
 Within the mechanical testing portion of the QST protocol results were fairly 
similar for both male and female participants. Females had a higher pain threshold for 
testing with Von Frey equipment, feeling pain from hairs weighing an average of 63.50 
grams. Males detected the same with hairs weighing an average of 60.33 grams. Male 
participants have a higher pressure-pain threshold for their upper abdominal quadrants 
however, feeling pain at an average of 23.26 N. Females experience pain from the 
algometer at an average of 17.69 N. The same concept holds true for lower quadrants of 
the abdomen as well. Although they remain insignificant, these few points do show some 








 The overarching project concerning pain and sensory processing in patients with 
Endometriosis aims to specifically identify factors for chronic pelvic pain in this 
population in the hopes to find alternative approaches to the treatment of this pain. Many 
young women who suffer from this illness go through multiple surgeries in attempt to 
decrease or completely stop pain, but this treatment is often ineffective. In order to 
understand the complex pain these women experience, it is extremely important to have 
data on the pain and sensory experience of healthy control individuals. Although the 
initial collection of data from healthy female participants provided a strong control 
cohort, expanding the control sample size with the addition of a male healthy control 
population allows for a deeper understanding of pain norms. The aim of the study 
discussed thus far is to continue the development of pain norms across the adolescent and 
young adult healthy control population.  
Female Healthy Control Population 
 The sizeable female healthy control population that has participated in the study 
thus far roughly represents the general female adolescent population. Coming from 
different socioeconomic backgrounds, ethnicities, and ages, they allow for demographic 
diversity. With reference to previous studies that have utilized QST to gather data on 
healthy control norms, the current female control population is sufficiently large and can 
allow for conclusive results (Blankenburg et al., 2010).  
Through the SF-36 questionnaire measures, it is clear that the population is very 
healthy with regard to physical functioning and physical health. According to prior 
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studies that have utilized the same measures and the General Health Scale, the scores of 
this population for these two measures are ‘excellent’ (Ware & Sherbourne, 1992). 
Although the female control participants’ scores for pain and social functioning are 
slightly lower, they are still categorized at the border of ‘very good’ and ‘good’(Ware & 
Sherbourne, 1992). The remaining health measures of emotional problems, energy, 
emotional wellbeing, and general health are all categorized as ‘good’ on the general 
health scale (Ware & Sherbourne, 1992). It is understandable that the population studied 
here has lower scores for emotional wellbeing and emotional problems due to the 
changes in social networks that occur during adolescence (Baerwalde et al., 2019). Lower 
energy levels could be accounted for by hormonal changes that are specifically present in 
young women who are experiencing puberty and menstruation (Baerwalde et al., 2019). 
While these measures expand on the general health of the female control population, data 
provided by the PRQ, PCS questionnaire, and the PSQ explains participants’ pain 
experience.  
Responses to the PRQ display the larges range of responses among the multiple 
questionnaires. Most questions here have a range of 10, which shows that participants 
utilized the complete scale in their responses. Some values, such as ‘current pain’ and 
‘average pain in the last week’ have lower ranges of 5 and 8 respectively. This is most 
likely because the short time periods allow for less opportunity for painful events to 
occur. As evident from the standard deviation value, participants also provided a variety 
of responses for the PCS questionnaire. Here however, the maximum was only 40 
although the scale ranged from 0 to 52. The sample size did not utilize the extreme end of 
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the scale, which is understandable considering that they should not have any 
comorbidities that are similar to or involve chronic pain. In contrast to the other two pain-
related questionnaires, participants’ responses were much less varied on the PSQ. The 
average responses were also fairly low on the scale of 10.  
When comparing mechanical and thermal testing on control and experimental 
regions, there are some notable differences. Although the sensation thresholds are similar 
for the arm and abdomen, the mechanical pain threshold is lower for all four quadrants of 
the abdomen than it is for the arm. The pressure pain threshold is also lower for all four 
quadrants of the abdomen in comparison to the arm. With regards to the thermal 
sensation thresholds, values were similar between the control and experimental regions. 
This was also the case of thermal pain thresholds of hot temperatures. For thermal pain 
thresholds of cold temperatures however, participants were more sensitive to cold 
temperatures on their abdomen in comparison to their palm.  Pain ratings given for heat 
on the palm and abdomen were similar, and those given for cold on the palm were similar 
to the pain ratings for heat. The lowest pain ratings were given for cold temperatures on 
the abdomen. 
The differences in sensitivity between control and experimental regions are 
expected due to differences in the anatomy of the two areas. Although the peripheral 
nervous system extends to the arm, hand, and abdomen the presence of vital organs in the 
abdominal cavity makes this region more sensitive (Kalra & Tuma, 2018). Because the 
control population does not experience chronic pain, it is understandable that the two 
regions do not show extreme differences.  
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Comparing Male and Female Healthy Controls  
 Although there are some significant differences, the male and female healthy 
control populations examined in the sub-analysis for this study were largely similar in 
their responses. It is interesting that variances in puberty and reproductive anatomy did 
not produce any significant differences among the two populations. These preliminary 
results display that the general pain experience is similar between the two sexes 
regardless of differences in development. These results are very helpful in expanding the 
understanding of pain and sensory norms in adolescents.  
 The significant differences in the pressure-pain and thermal sensation thresholds 
of the hand are interesting and may be a result of extreme responses in the small sample 
shown in this study. Because there are limited differences in the anatomy of male and 
female extremities, the variance in answers may have stemmed from a more 
psychological difference. Unfortunately, because responses to questionnaires were not 
significantly different, it is difficult to tell exactly what caused these results; however, 
should be explored with a larger sample.  
Future Directions 
 With the continued expansion of the study’s male and female healthy control 
populations, the results shown above will become more conclusive. While the 
preliminary data discussed in the current study is indicative of a similar pain experience 
for both male and female adolescents, it is important that both populations are expanded. 
The male population requires increased diversification in age, socioeconomic status, and 
race. The current group of males is older, with no participants falling at the lower end of 
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the total age-group of the study. Most of the males who were enrolled thus far are full 
time students and gathering data from males who have entered the work force could also 
add to the variety of responses. Although multiple races are represented in the current 
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